Objectives: (i) To examine the components of variation in nutrient intakes for older Korean adults; (ii) To calculate the level of accuracy with varying degree of precision in order to achieve estimates of usual nutrient intakes. Design: Five or six 24 h recalls were made over a four month period on each individual. Setting: A senior school from a middle-income, urban community in Inchon, Korea. Subjects: Forty-seven males and 36 females over 60 y old with complete records for at least ®ve dietary recalls. Results: The within-person variation of nutrient intakes (21.8 ± 103.2%) was higher and differed more markedly by nutrients than the between-person variation (9.4 ± 63.7%). Males (2.26 ± 11.28) showed larger within-tobetween person variance ratios than females (1.73 ± 5.86). The variance ratios were different by nutrients for males, but no such pattern was observed for females. Depending on nutrients, 5 ± 6 recalls over a four month period gave estimates of nutrient intakes within 30 ± 50% of usual intakes. For most nutrients, 100 ± 200 subjects were suf®cient to obtain estimates with 10% deviation of group usual intakes. Achieving r 0.9 between observed and usual intakes required 24 ± 54 recalls for males and 8 ± 23 recalls for females. Conclusions: The degree of precision achieved during assessment of older Korean adults' usual nutrient intakes changes with gender and by the type of nutrients. Achieving similar level of accuracy of the estimates, older Korean adults may require more dietary recalls than the adults in western countries. Sponsorship: Supported by the Korean Research Foundation and the Kyung Hee University Research Center.
Introduction
Dietary studies of elderly people have become more popular in Korea. Long-term diet was conceptually relevant for most of these studies. However, obtaining a precise estimate of long-term habitual food intake by the diet record method is tempered by the tendency of considerable day to day variation of each individual's food intake (Bingham et al, 1994; Borelli et al, 1992; Willett, 1990) . In free living population, daily variation of dietary intake is superimposed on an underlying consistent pattern (Beaton et al, 1979) . A set of studies on sources of variance in dietary intake indicated that high within-person variation may bias estimates of intakes, and therefore result in erroneous interpretation of the ®ndings (Beaton et al, 1979; Nelson et al, 1989; Piwoz et al, 1994) . A number of factors appear to contribute to daily variation in dietary intake in a systematic manner. The magnitude of these in¯uences appear to be determined largely by cultural and ecological factors (Beaton et al, 1979; Willett, l990) . Therefore, sources of variance in dietary intake for western populations may not necessarily apply to other populations including Korean.
An understanding of within-and between person variation in nutrient intake is essential in choosing the appropriate method to assess diet and to have more accurate estimates between nutrient intakes and biological risk. When within-person variation is relatively larger than between-person variation, associations between the individual's dietary intake and biological risk are substantially weakened (Beaton et al, 1979; Piwoz et al, 1994) . Therefore, a greater number of dietary assessments per individual may be required.
Despite the importance of understanding within-and between-person variation in dietary intakes, no such information on the Korean elderly is currently available. Only two studies (Chung et al, 1992; Oh et al, 1996) have examined the issue of dietary variation for young women in Korea. Older people may have more stable dietary pattern, thus the ®ndings for younger adults may not be applicable to older ones.
The dietary survey usually has one of the following three purposes: to compare the average nutrient intakes of different groups, to assess an individual's usual intake and to rank individuals within a group (Nelson et al, 1989) . Information on the level of accuracy to achieve estimates of nutrient intakes in these three cases is useful for the ef®cient design of dietary studies. This present study examined within-and between-person variation in nutrient intakes. Using the values on within-and between-person variation, this study assessed the precision of estimates of the intakes by calculating the group size needed for a single dietary interview. The precision of the estimates was also calculated by the number of dietary studies required both to measure individual's usual intake and to achieve a certain level of accuracy with varying degrees of precision.
Subject and methods

Subjects
According to the results of key informant interviews and the past experience of the authors, a private senior school in middle-class neighborhood in Inchon, Korea was selected as a research site. The senior school was chosen primarily because of (i) the existence of a number of healthy older adults from a similar social background; and (ii) feasibility of conducting research.
This present study identi®ed 141 older adults who were: (i) aged more than 60 y; and (ii) attending in the senior school in Inchon at the time that data collection commenced. Inchon is located at 126 37 H E, 37 28 $ N, at the heart of the Korean peninsula and adjacent to the Yellow Sea. Owing to the development of commerce, Inchon rapidly grew into a metropolis during the last 20 y. There are approximately 2.5 million people living in Inchon, Korea (National Center for the Statistics, 1997) . The bulk of the population is self-supportive.
The senior school attendants (n 141) were informed that the data collected by this study would be con®dential and used only for the purpose of research. A sample of 100 people was selected from the 141 older adults based on a second set of criteria which included willingness of the subject to participate in a four month study. Among the 100 samples, the analyses of this study included 83 older adults (47 males and 36 females) who had complete records for at least 5 d of dietary measures. Mean age of the subjects was 70.4 AE 5.8 y. There were no signi®cant difference of age and pin money between genders. The average years of schooling was higher for males (8.8 AE 4.4) than females (1.4 AE 3.4).
Methods
Dietary data were collected by a recall method. Intake was assessed for a 24 h period each week from September to December, 1996 by four trained registered dietitians at a senior school in Inchon. The dietitians underwent three training sessions, supervised by the authors. Subjects were told to prior to the visit that a survey on diet would be carried out and were advised to record brie¯y to help the interview. On the day of the interview, each subject was interviewed face-to-face to record the food item, the size of each portion, and place of taking meals. For home prepared dishes, each subject was asked for the name, ingredients, cooking method and respective amount. Portion size was obtained from the subject by showing a catalogue of pictures of individual food portions developed by the authors. In order to minimise differences in records, one of the authors (MHH) carefully reviewed all the recall data collected. The same person entered the data and carried out error checking and correction of data. Food values were converted to nutrients, based on Korean food composition tables (The Korean Nutrition Society, 1995) .
Statistical analyses
The sample for these analyses consisted of 470 observations on 83 subjects. Energy and other nutrients were calculated for each observation. Means, standard deviation and coef®cients of variation for nutrient intakes were calculated for the successive four month period. In these calculations, subjects with at least ®ve dietary studies per four month period were included. Among 83 subjects, 28 had ®ve recalls and 55 had six recalls. Mean number of dietary studies was 5.66 [(2865 5566)a(83 5.66)].
The VARCOMP procedure of the Statistical Analysis System (SAS Institute., 1995) was used to calculate variance components by MIVQUE method (Hartley et al, 1978) . For each nutrient, the distribution of average individual nutrient intakes was tested for normality with Shapiro-Wilk statistics using UNIVARIATE procedure in SAS (Cody & Smith, 1997) . All of the analyses of variance were performed with both untransformed and transformed data. Since the data were in meaningful unit and the estimates of relative contribution of sources of variance were not considerably affected by logarithm transformation (Beaton et al, 1979; Norman & Streiner, 1994) , untransformed data were used for the calculations of within-and between person variance components for 13 nutrients.
The number of dietary studies required to estimate individuals' mean nutrient intakes with 95% con®dence (Z 1.96) to be within 5, 10, 20, 30, 50 and 50% of their usual mean intake were calculated for all nutrients based on the sample within-person variation, the desired precision, and con®dence (Piwoz et al, 1994) . The formula is provided in Table 2 . We also calculated the group size required to estimate group sample mean for a singular interview with 95% con®dence to be within 3, 5, 10, 20 and 30% deviation of the group's usual intake using the formula given by Beaton et al (1979) , the formula can be found in Table 3 . The number of days of diet record needed to obtain a given correlation coef®cient between observed and usual nutrient intakes was calculated using the formula by Nelson et al (1989) . All analyses were performed including all subjects and by gender. This paper presents the results of analyses by gender. Table 1 presents the mean nutrient intakes, coef®cients of variation, and within-to-between person variance ratios for 13 nutrients. The within-person variation of nutrient intakes was higher and differed more markedly by nutrients than the between-person variation. Compared to males, females showed higher within-and between-person variation of nutrient intakes except for vitamin A. Gender difference was more noticeable in the between-person variation.
Results
When the calculation was performed regarding nutrient density (the amount of nutrients per 4200 kJ (1000 kcal)), the coef®cients of within-and between person variation were reduced for all but ascorbic acid and calcium (only for within-person variation in case of females). The magnitude of reduction of within-person variation was similar between genders. However, females showed higher reduction of between-person-variation than males. As a result, gender difference of between-person variation was weakened when the concentration of nutrient intakes was considered.
Within-to-between person variance ratios of nutrients were larger and more variable for males than females. Among males, variance ratios of fat, calcium, iron and ascorbic acid were close or greater than 10 ( Table 1) . The variance ratios observed in our study were higher than those for adults in western countries. Studies on western adults indicated 1.0 ± 2.0 for the variance ratios of energy generating nutrients (Beaton et al, 1979; Nelson et al, 1989; Willett, 1990) . When the concentration of nutrient in the Variation of older people nutrient intakes in Korea S-Y Oh and MH Hong diet was considered, there was a greater decrease of between-person variation. As a result, within-to-between variance ratios increased remarkably. The variance ratios of some nutrients (calcium and thiamin for males, fat and ribo¯avin for females) increased to the values higher than 20. Table 2 shows the number of dietary study days required to estimate individuals' nutrient intakes to be within 5 ± 50% of their usual intake. These data suggest that the most frequently used 1 ± 7 d dietary studies will give estimates of individual's mean nutrient intakes that are within 30 ± 50% of their true mean intakes. Compared to males, females required slightly more days of dietary study to have the same precision of the estimates due to larger day-to-day variation of the intake among females.
A single dietary interview is frequently used in many nutrition surveys due to cost consideration, when the objective of a survey is to detect differences between groups of individuals. Table 3 presents group size needed for a singular interview to obtain group sample mean to be within 3 ± 30% deviation of group usual intake. Required group size was dependent upon the type of nutrient and gender. In order to have same precision of estimates, micronutrients needed larger samples than macronutrients except for fat as females rather than males required more samples. Table 4 shows the number of days of diet recall needed to obtain a given correlation coef®cient between observed and usual nutrient intakes. For most nutrients, males required more days of diet recall for achieving a similar Table 4 are higher than those for the westerners (Nelson et al, 1989) . This comparison suggests that more days of dietary recall may be required to rank older Korean adults according to their nutrient intakes compared to adults in western countries.
Discussion and conclusions
The results of this study provide information on the component of variation in nutrient intakes of older Korean adults and suggest that within and between person variations change with gender. One of the interesting ®ndings of our study is smaller between-person variation of nutrients for males. This small between-person variation resulted in higher ratios of within-to between person variances for males than females. Contrary to our ®nding, studies on western populations showed higher ratios for females (Beaton et al, 1979; Nelson et al, 1989) . Small between-person variation which may emerge if subjects were from a very homogeneous group implies less accurate ranking by their nutrient intakes for a given period of study. For example, in order to ensure r ! 0.9 for energy generating nutrients, 19 ± 42 d of dietary study were required for the males and 8 ± 23 d for females. For British adults, 7 d of diet record was suf®cient to achieve the similar accuracy (Nelson et al, 1989) . The most conspicuous difference between genders of this study was the level of education (8.8 AE 4.4 y for males and 1.4 AE 3.4 y for females). However, it is unlikely that education level in¯uenced the magnitude of homogeneity of a group since this study analysed data by gender.
Older Korean adults showed smaller day-to-day variation of nutrient intakes except for fat compared to their younger counterparts. Oh et al (1966) on young Korean females presented 35, 50, and 144% for respective withinperson variations of energy, fat, vitamin C based on 7 d recall data. The high day-to-day variation of fat intake for older subjects draws our attention. Day-to-day variation is large if expensive foods are afforded only irregularly (Nelon et al, 1989) . Major sources of fat in our subjects were animal foods which were generally more expensive than plant foods in Korea. Since our subjects appear to have been less economically well off than young college women, it may play a role in part for the higher within person variation of fat intake among the older adults. However, it should be noted that affordability will not be the sole reason. During this study, we found many older Koreans who said that they did not like animal foods any more although these foods were their favourites when they were young. It suggests that within-person variation of nutrients from animal sources may be affected by aging. Not only economic reasons but also cultural factors appear to contribute to less frequent intake of animal foods in older Koreans. Higher day-to-day variation of nutrients from animal foods of older Korean adults was manifested more clearly when the data were compared to those of western people (Beaton et al, 1979; Nelson et al, 1989; Willett, 1990) .
Similar hypothesis can be applied to the low betweenperson variation of carbohydrate among our subjects (9.4% for males and 14.3% for females, respectively). These values were remarkably low compared to the variations reported by western populations (23 ± 31%) (Beaton et al, 1979; Nelson et al, 1989; Willett 1990) . A part of ) where r the unobservable correlation coef®cient between observed and usual (true) mean nutrient intakes of individuals.
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S-Y Oh and MH Hong explanation for these ®ndings may be the fact that older Koreans highly prefer cooked rice. A set of literature indicated that they obtained 60 ± 65% of total carbohydrate from cooked rice (Hong, 1998; Ju, 1996) . For younger adults, the proportionate intake of cooked rice ranged from 30 ± 50% (Chung, 1992; Lee et al, 1997) . The ®ndings of this study provide a few valuable suggestions for the development of a plan to assess group or individual's nutrient intakes for older Korean adults. Firstly, 100 ± 200 subjects may be suf®cient to obtain a reliable estimate (l0% deviation) of group usual intake with a single day diet record for most nutrients. If the purpose of a study is to estimate usual vitamin A intake of a group, 300 ± 550 subjects may be required for achieving the similar accuracy. In case of younger Korean adults, similar or slightly smaller number of subjects would be required (Chung et al, 1992) .
Secondly, 1 ± 7 d recalls, a commonly used method of dietary assessment, will not suf®ce for a precise estimation of individual's usual nutrient intakes. Improving the reliability of the estimate by an increase of dietary recalls may not be practical since even 25 ± 32 d of dietary study presented an estimate of energy within 10% of one's true mean intake. A use of semiquantitative food frequency questionnaire may provide measures of usual nutrient intakes (Willett 1990 ) but high within-person variation of nutrient intakes among the older Koreans will limit its usefulness.
In epidemiological studies, a dietary assessment method was considered reliable if the proportions of subjects correctly classi®ed and grossly misclassi®ed into extreme thirds of the distribution by the method were higher than 80% and lower than 1%, respectively (Marr & Headly 1986 ). This condition was satis®ed when a correlation coef®cient between observed and usual intakes was 0.9 (Nelson et al, 1989) . Achieving this level required at least more than 10 d for most nutrients. Therefore, by dietary recall method, satisfactory ranking of older Korean adults according to their intake levels in a large scale epidemiological study does not appear to be attainable due to high burden. A use of semiquantitative food frequency questionnaire may be more preferable in this setting (Willett, 1990) .
